ABSTRACT: The implementation of a roundabout has a mostly positive effect on the safety level of a treated site. This is based on the fact that the roundabout's geometry reduces the number of collision points, decreases the speed of vehicles, and improves the safety of pedestrians. Within the frame of the ROSEBUD project 1 , the cost -benefit analysis for the reconstruction of four-arm intersections into roundabouts has been calculated, and the results confirm that these reconstructions are effective and have positive effects on the reduction of accidents. The article describes this calculation on roundabouts in the Czech Republic.
INTRODUCTION
In the Czech Republic, about 10% of road accidents occur on four-arm intersections 2 [Summary of Czech accidents data, 2006 Czech accidents data, -2009 . One of the measures aiming at reducing the number of these accidents on four-arm intersections is to rebuild the suitable intersections into roundabouts. There are several reasons for implementing the roundabouts: their effects on improving road safety and the capacity or decrease of speed (traffic calming). In some cases the roundabout can also be a significant architectonic element of a city design. The positive effects of properly designed and built roundabout are well known from numerous studies in many countries.
In Czech traffic engineering, roundabouts are still quite a new design element. There still exists some mistrust about their use. Nevertheless, the number of roundabouts in the Czech infrastructure network has significantly increased in the few last years. There is lack of available data and studies evaluating the safety performance of roundabouts in the Czech Republic. One of the rare sources of information is the BESIDIDO project 3 . The accident data used in the cost-benefit analysis described below are based mainly on findings from the BESIDIDO project. The methodology of the CBA calculation was prepared in the ROSEBUD project.
1 ROSEBUD is a thematic network funded by the European Commission to support users at all levels of government (European Union, national, regional, local) with road safety related efficiency assessment solutions for the widest possible range of measures. Project deliverables can be found herehttp://partnet.vtt.fi/rosebud/. 2 In 2009, seventy fatalities were reported in these accidents. The data are both for urban and rural roads. 
DESCRIPTION OF THE SAMPLE
There are eight roundabouts in the evaluated sample. The availability of relevant data and the similarity in the roundabout's design elements were the main criteria for their selection. All of them are four-arm roundabouts which were constructed between the years 1998-2002 instead of four-arm intersections in urban areas in cities with a population of less than 70 000 inhabitants. A brief description of the sample is shown in Table 1 . All roundabouts in the sample are "typical" four-arm roundabouts 4 designed in accordance with the Czech technical standards. The reason for their implementation was mainly a demand for more capacity and for improving the safety situation.
Target group of accidents
The implementation of a roundabout has a mostly positive effect on the safety level of the treated site. This is based on the fact that the roundabout's geometry reduces the number of collision points, decreases the speed of vehicles, and improves the safety of pedestrians. The only negative phenomena could be the lower safety level for cyclists, but only in some cases (e.g., an unsuitable design of cycle facilities). Therefore, the target accident group was defined as "all accidents occurring on the treated sites".
Figure2: Comparison of no. of collision points on a four-arm intersection and roundabout.
The sample contains eight sites where the original four-arm intersections without traffic lights were rebuilt into four-arm roundabouts. Based on accident data before the implementation of the roundabouts, an "average" intersection accident was determined. This is an accident with 0.004 fatality, 0.04 severely injured, 0.19 slightly injured, and with property damage valued at 27 000,-CZK. The value (socio-economy loss) of one average accident is calculated to be around 7 500,-€ (at 2002 prices 5 ), based on the methodology of an accident's cost used in CDV.
ASSESSMENT METHOD
The ideal method of assessment would be to conduct a complete CBA (with a calculation of roundabout effects not only for safety performance, but also for the environment and mobility). The quality of available data did not allow for such a complete analysis, so only the safety effects were calculated in the analysis.
The suitable method for such a calculation is a method combining an after/before comparison with a control group of sites (sites which are similar in most characteristics to the treatment sites but left untreated). In this calculation, the total number of accidents on four-arm urban intersections in the whole country was used as a control group, so that the general trends in the development of accident numbers are taking into consideration.
The aim of the calculation was to find the number of accidents prevented through the implementation of roundabouts on eight sites. The "before" and "after" accident data for the treated sites and for all four-arm intersections in the Czech Republic were known. An evaluation of the treatment effect  i , at each site, by means of the Odds-ratio with the comparison group, was calculated. A correction due to changes in the traffic volumes is not performed, so  = 1. The formula has the form: where X a -the number of accidents observed at the treatment site in the "after" period, X m -the number of accidents at the treatment site in the "before" period, C a -the number of accidents in comparison group sites in the "after" period, C b -the number of accidents in comparison group sites in the "before" period.
Weighting the effects found for separate treatment sites is done by means of the standard method for weighting Odds-ratios, where a statistical weight of a separate result is defined by the sizes of data sets, which provided this result:
where  i -estimate of effect for site i, w i -statistical weight of estimate for site i, X i a -the number of accidents observed at treatment site i, in the "after" period, X i b -the number of accidents at treatment site i, in the "before" period, C i a -the number of accidents in comparison group (for site i), in the "after" period, C i b -the number of accidents in comparison group (for site i), in the "before" period.
The 95% confidence interval for the weighed effect is estimated as follows:
The applicable value of the safety effect, i.e., the best estimate of accident reduction associated with the treatment (in percent), is calculated as (1-WME)*100.
ASSESSMENT QUANTIFICATION
4.1 The unit of implementation, the discount rate and price of a typical accident A four-arm roundabout was determined to be the typical unit of implementation. The typical implementation cost was estimated to be 300 000,-€ (at 2002 prices). The estimate was based on results found in the BESIDIDO project. The cost of maintenance was not calculated, VOLUME 4 TRANSACTIONS ON TRANSPORT SCIENCES NUMBER 1 due to an assumption that the cost of maintenance is similar for four-arm intersection as it is for the four-arm roundabout. The duration of the effect was estimated to be 20 years. The discount rate was determined to be 5%. This is based on the recommended value of the discount rate used in the Rosebud project. All prices are converted into Euro, the price level is as of the year 2002. The price of a typical four-arm intersection accident was calculated to be 7 500, -€ (at 2002 prices). The calculation is based on the accident statistics of the intersections from the sample before the implementation of roundabouts.
Safety effect
The aim was to find the number of accidents which were prevented through the implementation of roundabouts instead of four-arm intersections in an evaluated sample of eight sites. The average accident reduction associated with the treatment was calculated as (1-WME) x100 = (1-0.624) x 100 = 37.6%. The total sum of accidents saved annually multiplied by the average accident costs (the total benefit) is 33.7 x 7 500 = 253 000,-€. The annual average sum of money saved for one treated site is 31 625,-€.
ASSESSMENT RESULTS
The total cost of prevented accidents in a period of 20 years on one treated site is calculated to be 444 000,-€. Because the cost of one unit of implementation is estimated 300 000,-€, the cost/benefit ratio is 1/1.5. 
CONCLUSION
Due to the limited sources of available data it was not possible to calculate a complete CBA. A "mini-CBA" was thus calculated -only the safety effects of roundabouts were taken into account. The effects on environment and mobility were not taken into account. The result showed that the four-arms roundabouts in urban areas have a positive effect (-37.6%) on the reduction of the number of all accidents.
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